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RN A A o Z WEBL IR IR (LS) ,4-F HAR P IR, 52
B Al 1-(3- P & R Ak ) -3-& BL ik — W i
12 £ (EDC. HCI) ,Shanghai Medpep co. ,Ltd; N,
N,N',N'-I4 H 5 2 — Jfig (TEMED ) , Sigma # 11 5}
5N, N-ZHT Tt Jiie ( DMIF) i HR O3 45 9 5]
245 AL A7 a0 RS W) 40 Tl 28 5 4l 1k Ak 2
RIGHFFH (Escherichia coli) , v [ #8455 53 ) {7 6
s s Hoe A A alom) X Oy [ 7 O3 A 4l
1.2 ERFRENER

BRGEEBEN S NE % Mao S Bk
B A5 BE 1 g, EDC. HCL 0. 35 ¢, 4-8 Z £ T 2 0. 2
g, B A 100 mL HIEEh g8, SR 5 #5101 5 1A Wb
18 A 0. 755 mL ) TEMED , 75 % 5 T #ig $% 72
h, 57 B0 58 J5 e U6 R 15 B Y & A 5 R BE (ACS)
oy A B S ST Uk 2 O, SRR A = IR AR T
JEHE A TR AzCS 5K T0% .
1.3 REEEMRAXUZEETERE

W 28 FH RN P R IR MRS ) R AR T
DME H Fp 450 58 4205 il J 445 V8 VA A DI i e
FEPN L TE 65C A5 N T 18, 4 P 45 3R 201G v 5
FIALAR T EAE N 7.0 mm, JEBE 2528 0.3 mm (1)
BIIE R, SR 5 4 )2k R 48 e /K & B 75 0
[ Rl o R

W Eidk A R AzCS IEHRTE 1% 1 SR, K
MR T R AR R R R, A I AL IR T AR AR
JE AT (GYZ125, | W48 T 57 A BN W) 0
BRR AR T ) ) BEAT BRA, B 1% B R V2 8
TR EE. HVE5E 845 72 0. 012 mol/L iy #;
PR W rh R 30 min, A KBS K SO R T B
7 3 e 1H G AL A [ E 5E B E B9 R E R I R kA
(PU/AzCS).
1.4 BEHESRERBRENERERBEERESEE
MEREHNEEBAEE

17 0k Z WE LR IR 7 % T 0. 14 mol/L NaCl
WD Kb Rl 2 A B R BR AR E ) 1.0 mg/
mL K E A RME T 5 A 0.1 mol/L LRI
0. 14 mol/L NaCl i v, Hovh & R 52 BB W 1Y)
WP 1.5 mg/mL 4 b3k PU/AZCS iy Jebp = T
T 1 Z2 WA R g 7 W 20 min, #R 5 H 0. 14 mol/
L NaCl ¥ W f B 05 U, PR B 2 A & A e B v
7w 2 W 20 min, A 0. 14 mol/L NaCl 5 R B
B UL, FFE RPN bR Fe 7 P i v v 43 0l 28
BHHAR HREEERNEZ KL E R
DL R 2 A % B A 6 500 T 34T, H A2 58

14 2R 2 T BB v ke Ol = T T 4R
1.5 MEREMNNEEBAEREMERIGER
THRUFZE

W B3R T 5 10 R 2 WG R, FH 58 AN AT BR G
5 min, SRIGH 1% LR 5B TKREZ WGV =
o R B | FE R E DAY =S R D e
R J5 0 SR 2R Aok o PU AR 3R R 8 R 1w & i
R MM s PU/ (AZCS-LS) AR & 4 M HAH
BRI F 2, B HM )2 R 1 22 MR IR T 1) 5 4R
WHEHE,PU/ (AzCS-LS)  REEHH 5 MBI T2,
A2 Sy Al 220 R TR 1 B
1.6  £I5h ik

5o RS R BHEEE AR ] Nexus £1 786
4% ( Thermo Nicolet, U. S) ¥E 47 fF, KBr JE
I RE J5 7E 400 ~ 4000 em " ik K 5 B4 4 3 0E
27 H A %A 2= S W5 /) PU/(AzCS-LS) 5 i
F R B 200 6% AT 3 B, SR B L
675 ~4000 cm .
1.7 &5

KM & SR WL 4y O Ot B 3 (UV-2550,
SHIMADZU , Japan) X} il £ i) & & 7C B b, U L&
R M5 1k Z PR IR R 2 2 A 4% 2 )2 B aF
TR, 4594 e A L T 200 ~ 400 nm.
1.8 X STEEXHE FREE DT

K £ Y g B ¥ BB 3 AL ( ESCALAB MK 11
® VG Scientific Ltd. ,U. K) 43 5 % F 10 G5 70 5
() 3R S R IS R 2R AT X 460 i T RB 3 o AT, BT Y
2 1HI A8 1 e SR AR R 2 1 T AR Ak
1.9 sk#fh Al

S P A7 AR (JIC-1 Y K R4 O
AR T ) FRAE SR S R M5 2 T A A T 0 S K M i
ALK 2 WL KBS KO LE R R A B R 3R
T, F A Ja DU I SOK I &2 2 AN e,
ASFE SN B 6 YR, OV S48 Fe A K H 2 fi L
o M Al 2 A 422 ik 1 10 158 25
1.10 A MmiXie

5 I 50 K 2 2 rh A N R SR [ [ 50
GB/T 16175-2008( = H] A HLAE A4 BE A= ) 27 PEA ik
B ) EAT. KRR DU R A & A 10 mL AR B
KA T, L 10 mL ZE 48 7K 13848 Sk BH 4 %
B, 10 mL AR B3R /K AR08 Sy B PR X AR R A8
BT 37°C K 30 min. $4 357 S B % 10 ] AR
FRER KL 4 ST B, R e m B E A 0.2
mL 5 B 0 I , 7 37 C 1 IR 7K i 4k 4 60 min.
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SR 5 LA 2500 r/min 5.0 10 min. /O3l HR_EVE W,
LN A] LA Y6 BE T (UV-7504, |1 ik S AN B8 A
BN R ) 7E 545 nm 0 5 W O B2 20 25040 480
PIUCFAT S5, B AR 4803 AN AT 375 1l 2%
HHEAKXN(Ds-D)/(D, -=Dy) ] x100% , K
o D AR MFE 5 1 OG B, D AR BT R
W, D AR PH A X R ) I Y
1.11 /iR B PiR 36

B EEPTEE 4 1200 v/min 850> 10 min, B
2R AR E /MR AR PRP. K& il /MR I
R 37°C AR 5 2k Ak B R /KR i b 2 i
(4 B A 48 FLAR Hf, in A B PRP 7 35 i
HOA G B R AR5 TE 37 CAAFTF#E 2 h, ]
pH =7. 4 [0 IR £5 22 vh % W (PBS) 15 Ve E0K , 48
JEAE 2.5% 1% ) PBS Hh [ 5E 2 h, [ @ s R
JH PBS ¥ ¥k Bk, B i IR AE 50% ,60% ,70%
80% ,90% ,100% (W #f B2 LB K, B2 T 5
H JSM-6700F #1137 & 5f 45 4 H1 45 ( FESEM, JEOL
Co , Japan ) W% I - 3 11 10 /)N B 26 B O
112 HEEENK

PRI PE D 2 % rhAe N RSN E 2 TAT
FrifE QB/T 2591 — 2003 {4 1 48 b —470 i M i

TR R R R A ) HE AT I B SR 3 L iz 2
UCHY B B AN TR R 32 4 (24 h NFEHE) I ARG FR
R YR AR 10 A% 328 184 76 B, 18 5 R VR B (5. 0
~10.0) x 10° CFU/mL {4 % B W AE X 6 FH
. 2% GB 4789. 2( & i DAEUA W) = K 06 T 7%
SO E ) 07 B R AR A BE i 2 P AT iR
L S = SR R IR U R WA 21 N 8 o = RN
B R(%)=(B-C)/Bx100% . R HHL4NH
F(% ) ,B Has [N BFE T 34 [ i %8 (CFU/
F), C R s B s £ (CFU/ J) .
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Fig. 1 Schematic diagram of the preparation of AzCS
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e A4k I AR H i A 2 R Xk R b 3 I A
WATAERZZE AR EE RS AR
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BTk WL 2 i PU/(AZCS-LS) 5 ZL4MGiE
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Fig. 2 IR spectra of CS,AzCS and PU/( AzCS-LS)
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Fig. 3 UV-Vis absorption spectra of AzCS
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Fig. 4 Schematic diagram of the deposition of LS and AzCS self-assembled multilayer and

photochemical crosslinking on PU surface
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Fig. 5 The XPS survey scan spectra of PU and
PU/(AzCS-LS)
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Mg B TS, B (168.9 eV) , X Ui B PU/
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REAFES TR, SACEMB AT SHE, M
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B 6 J& 2 )2 A A3 Aok b2 R s i a5 8
SR AR I 0 S K B i Ay 04 A8 Ak, NIRRT LR
Hh R HE AT 2% 1A 1 1 R R AL RE PU Y 7K 2 fi £
S 69.7°, %3t 22 4% RO Ak F K B I S
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Fig. 6 Contact angle data with alternate deposition of AzCS/LS
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Fig. 7 UV-Vis spectra of AzCS and LS multilayer films:
(a) UV-Vis spectra of different bilayers and (b) UV-Vis

absorption at 272 nm versus different bilayers
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SR DA ) R 5 A1 0 A 9 72 Al S A6 0 B 2R SR
5ELE SRR NG 22 [ A%, A — W
Oy TR IE RSN AT R, 1] 7 (a) S T B
A AR U1 2 IR 11 48 A0 W e i 3% , AT LA & 31
272 nm 1) B AUk AR AE 4 AN W M BE % R )2 1 4
5 M EL 38 0 i3 A 181 7 (b)) AT Rk — 2 % B
E 272 nm () 5 505 5 iF 2 S0 WOl b 3 £ 2 IR
A S N A b R A Ak, BB B 25 R RO
B, 48 P e I = 2

VA ML 38 6 2 Ao bR I VA i, ) A2
ST 20 T8 T £ 100 0 B 1 LA 0 B £ AR O 1
TR, 2 X 5 P 1 i 69 4 S0 95 o At 3 47 3
MBI SN S2 8 Y L3RR KT 5% , B R4 A A
Sy PR R 0L 3 6 60 SRl T U 0L 6 e 8
G A= 5 20 T B B A A R R — T
A A RS R LN R R A
$ RG22 W B 16 /5 PU A ¥ 1M i 56 4%
MFE R LLE ORI i PU R I R N
0.95% , Mt J2 )2 H 2H 25 F 6 Ak 24 3% & 1 J5
ff) PU/ (AzCS-LS) ; ¥ 1L J 0. 08% , ¥ Il i 4 4%
SR ] 20 1o A6 M U ) SR T R ) L A A 7 A
BT

Table 1  The results of hemolysis test of PU and PU/( AzCS-LS)

Optical density Hemolysis
Samples
value percentage (% )
Positive control 0.7212 0. 0187 100
Negative control 0. 0087 +0. 0006 0
PU 0.0155 £0.0017 0.95
PU/(AzCS-LS) 5 0. 0093 +0. 0006 0.08

EER/EZRE SN (RUE 2 i BN N e TRy 3
He— RV BN, 16 56 02 3% 8 7R bR T I
B, R I 51 A o /0 A ) 285 BRS L TES R 2R 4R d I
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Fig. 8 SEM images of platelets on the surfaces of (a) unmodified PU film and (b) PU/( AzCS-LS) film
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mL, M2 320 )2 2 20 2 O Ak 2 38 & 1 5 1
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Fig. 9 The viable bacteria number of Escherichia coli after incubating with PU and modified PU for 24 h
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IMMOBILIZATION OF POLYSACCHARIDE DERIVATIVES ON
POLYURETHANE SURFACE THROUGH LAYER-BY-LAYER
SELF-ASSEMBLY AND PHOTOCHEMICAL MODIFICATION

WANG Yifeng', YAO Xiangyu', LIAN Xinxin', WU Zhongkui', XIONG Yanfei’

(" Department of Polymer Materials and Engineering, School of Materials Science and Engineering ,

* Department of Biological Science and Technology, School of Science, Wuhan University of Technology, Wuhan 430070)

Abstract Polysaccharide derivatives were immobilized on the surface of polyurethane ( PU) through layer-by-
layer self-assembly technique and photochemical modification method. At first, azido-chitosan ( AzCS) was
synthesized and immobilized on the polyurethane substrates by UV irradiation. Then,lentinan sulfate (LS) and
azido-chitosan were alternatively deposited on the polyurethane substrates through layer-by-layer self-assembly
technique. Finally, the self-assembled multilayers were cross-linked by UV irradiation. From above steps, the
polysaccharide derivatives modified polyurethanes were prepared. The surface properties of the modified
polyurethanes were evaluated by infrared spectroscopy, UV-Vis spectroscopy, X-ray photoelectron spectroscopy
and water contact angle measurement. The antibacterial activity against Escherichia coli and blood compatibility
of unmodified and modified PU were tested in wvitro, respectively. The results showed that the water contact
angle of the modified surfaces decreased gradually during the successive buildup of the multilayers. The
hemolysis test and platelet adhesion test both indicated that the blood compatibility of PU surfaces was
improved after surface modification. Moreover, the modified surfaces showed antibacterial activity against
Escherichia coli. The number of viable Escherichia coli on the modified surface decreased by 49% . Thus, the
surface modification of polysaccharide derivatives through layer-by-layer self-assembly and photochemical
modification not only improves the hydrophilicity and hemocompatibility of the modified PU,but also introduces
special antibacterial bioactivity onto the modified surfaces.
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